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ABSTRACT 

One hundred and forty-three samples from human hands and hospital beds were collected at a teaching 
hospital in the city of Ribeirao Preto/SP by swabs, and placed in BHI broth. Following a 24 h incubation period 
at 37°C, they were seeded on Petri dishes containing Agar "Staphylococcus Medium 110". Colonies typical 
of the genus Staphylococcus were collected and stored at 4°C until tested for catalase, mannitol, hemolysis, 
DNAse and coagulase. Strains were analyzed by RAPD-PCR to verify their similarity, and tested for sensitivity 
to ten different antibiotics. From the ninety-two isolated strains, 67 (72,8%) were coagulase- negative and 25 
(27,2%) coagulase-positive. Similarity analysis showed a great heterogeneity among strains, but some 
presented 100% similarity. Resistance to oxacilin was encountered in 39 (42%) of the strains. Two coagulase- 
negative strains were resistant to vancomycin, and eleven (12%) were considered multiresistant. Measures 
such as hand disinfection of the staff and hospital beds and rationalization of antibiotic use could contribute 
to decrease pathogen transmission and selection pressure, diminishing the frequency and lethality of 
nosocomial infections. 
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INTRODUCTION 

Despite the advances obtained by Medicine over the last 
years, infirmities decurring from hospital infecting conditions 
keep causing a significant number of victims over the world. 
They are mainly transmitted by etiological agents present in 
the hospital's environment (31). 

Pathogens of the Staphylococcus genus presently represent 
one of the biggest challenges to world public health (3). The 
genus is composed of 37 species, 17 of which can be isolated 
from human samples (15). Staphylococcus epidermidis and 
Staphylococcus aureus are the main colonizers of skin, 
nasopharynx and gastrointestinal tract; the latter being the major 
agents causing hospital infections (17), varying from cutaneous 
to systemic (21). 



Indiscriminate antimicrobial use has lead to an increase of S. 
aureus strains resistant to methycillin (MRSA). Since such 
strains are also considered to be resistant to all beta-lactamic 
antimicrobials (6), the therapeutic arsenal useful to fight these 
pathogens has been curtailed. In addition theses strains, having 
become endemic in many hospitals, have led to increased use 
of vancomycin that has, in many cases become the only 
alternative to fight MRSA infections; this procedure, has 
however favored the selection of Enterococcus and of S. aureus 
strains resistant to that antibiotic (12,13). Over the last years, 
several reports on nosocomial resistant phenotypes have 
appeared; they include VISA (vancomicyn-intermediate S. 
aureus) and VICoNS (vancomicyn-intermediate coagulase- 
negative Staphylococcus), as well as VRSA (vancomicyn- 
resistent S. aureus) strains (8,26), first described in Japan (13). 
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The efficiency of hand hygienization can predict MRS A 
prevalence (10), and hygiene measures can decrease MRS A, 
reducing the need to use antibiotics and treatment cost (18). 
Workers in transient- or persistently colonized health sectors 
can transmit MRS A to patients (1); hospital beds may constitute 
an additional risk factor for such infections (7,9). 

A variant of conventional PCR is random amplified 
polymorphic DNA (RAPD-PCR, or in short, AP-PCR), a 
technique that utilizes arbitrary primers, and has been much 
applied in investigations on intra-hospital out breaks like 
epidemics caused by S. aureus (5) and coagulase-negative 
staphylococci (4). 

The integration of molecular typing with conventional 
methods has increased the efficacy of epidemiological hospital 
applications, and led to a reduced incidence of nosocomial 
infections (32). 

The present work was therefore aimed at the isolation and 
identification of Staphylococcus sp strains from human hands 
and beds in a teaching hospital in the city of Ribeirao Preto/SP, 
and their characterization by the RAPD-PCR technique to verify 
the extent of their similarities and sensitivity to different 
antibiotics. 

MATERIAL AND METHODS 

Isolation and identification of Staphylococcus sp 

The study was performed at the Santa Casa de Misericordia 
Hospital of Ribeirao Preto/SP, and was authorized by its ethics 
committee; all participants signed a term of consent for the 
collection of clinical specimens; results obtained were passed 
on to the head of the Hospital's Maternitiy Service. Samples 
were collected at the Hospital'sGynecology and Obstetrics 
Sectors, between August, 24/2005 and August, 28/2006. Their 
statistical significance was calculated by the following formula: 
n 0 = Z 2 x p(l - p)/ d 2 where n c = size of the population studied; p 
= proportion of samples showing the presence of 
microorganisms; d = precision desired of the proportion 
estimates (0,05), and Z = percent of normal distribution at a = 
0,05. Atotal of 143 samples were collected by sterile swabs, five 
from the right hand of students, 26 from the right hand of male 
nurses, four from the right hand of physicians, 59 from the right 
hand of interned patients and 49 from bed tops, placed in test 
tubes containing 1,0 mL of brain and heart infusion broth BHI 
(Oxoid, Basingstoke, UK), incubated at 37°C for 24 h, and seeded 
on Petri dishes containing agar Staphylococcus Medium 1 10 
(Difco, Sparks, USA), and reincubated at 37°C for 24 h. Colonies 
were then macroscopically examined for morphology, and 
pigment production. Swabs from suspected colonies were Gram- 
stained for morphotinctorial confirmation and respectively, for 
the evaluation of catalase and sheep blood hemolysis in agar, 
mannitol fermentation, coagulase production and DNAse (16). 
Strains characterized as being Staphylococcus coagulase- 



positive (CoPS) and Staphylococcus coagulase-negative 
(CoNS), were seeded in tubes containing 2 mL of agar BHI, 
incubated at 37°C for 24 h and stored at 4°C. The -square test 
(% 2 ) was used to study the correlation frequency between 
coagulase-positive, and coagulase-negative strains of 
Staphylococcus. A value of P<0.05 was considered to be 
statistically significant (26). 

Antimicrobial sensitivity 

Coagulase-positive and negative Staphylococcus strains 
were isolated, and tested by disc-diffusion, for sensitivity to 
the following antimicrobials (25): oxacillin (10 ug), cephazolin 
(30 ug), ciprofloxacin (5 ug), clavulanic acid +amoxicillin (30 
ug), vancomycin (30 ug), azitromycin (15 ug), clindamycin (2 
ug), amoxicillin (10 ug), enrofloxacin (5 ug) and ampicillin (10 
ug). Additionally, the test of minimal inhibitory concentration 
(MIC) was performed by macro dilution in a vancomycin broth, 
on strains shown to be insensitive to that antimicrobial by the 
disc-diffusion test (24). Results of MIC and disc-diffusion were 
compared by a guide chart. (6). These antimicrobials have been 
reported for the treatment of staphylococci infections, in a CLSI 
document (6). Strains resistant to more than six antimicrobials 
were considered to be multiresistant (23). 

RAPD-PCR 

Genomic DNA extraction was performed according to the 
recommendations of the GFX Genomic Blood - DNA Purification 
Kit (GE Healthcare). Concentration and purity of DNA were 
spectrophotometrically determined at 260 nm and 280 nm, in a 
DU-640B apparatus, (Beckman Coulter Inc., Fullerton, CA, USA) 
and samples stored at -20°C until use. 

Molecular typing was made with two Staphylococcus 
strains, aleatorily chosen among the strains isolated, and 
tested by RAPD-PCR following recommendations of the Kit 
of Ready-To-Go/RAPD Analysis Beads (GE Healthcare). Six 
primers supplied by the Kit (Primer 1:5'- d [GGTGCGGGA A] - 
3'; Primer 2: 5'-d[GTTTCGCTCC]-3';: Primer 3: 5'- 
d[GTAGACCCGT]-3'; Primer 4: 5'-d[AAGAGCCCGT]-3'; 
Primer 5: 5'-d[AACGCGCAAC]-3'and Primer 6: 5'- 
d[CCCGTCAGCA]-3') were tested; the one presenting the 
best amplification that is, highest visibility and ease of 
discernment banding in a trial of 10 strains (Primer 6), was 
applied to all CPS and CoNS strains. All procedures utilized 
sterile water and were analyzed by the thermocycler PTC- 100 
(MJ Research Inc.), Waltham, MA, USA. 

Products were submitted to 2% agarose gel electrophoresis 
and stained with ethidium bromide, (0,5 mg/mL) for 2 h and 30 
min at 150 Volts. The lOOpb "Ladder" (GE Healthcare) was utilized 
as the molecular size standard; PCR products were visualized in 
an UV transluminator-UV, (Syngene - Cambridge, United 
Kingdom), and photo documented by a digital camera 
(Synoptics) and Gene link (Syngene) software. 
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Similarity Analysis 

By means of the analysis of bands produced with the aleatory 
initiator oligonucleotide, a binary matrix of the absence and 
presence of bands was generated, and the similarity matrix 
constructed, based on Dice's correlation coefficient and by the 
method of the mean genetic distances UPGMA (Unweighted 
Pair Group Method for Arithmetic Averages) using the Freetree 
program (0.9.1.50 version). Phylogenetic trees of the coagulase 
positive and coagulase negative strains respectively, were 
obtained and visualized using the Tree View program (1.30 
version) 

RESULTS 

Statistical analysis showed, at a significance level (P<0,05), 
that isolation frequencies of CoPS and CoNS, respectively, 
differed. Table 1 shows the number and percentage and Table 2 
shows the profile of susceptibility of the CoPS e CoNS strains 
isolated. 

Among all strains of staphylococci examined, 42 % presented 
a phenotype profile of resistance to oxacillin (meticillin). Two 
CoNS strains (also resistant to oxacillin) presented resistance 
to vancomycin (MIC > 32 ug/ml). According to our results 
obtained by the sensitivity test, among the 92 strains of 
Staphylococcus sp isolated, 11 (12%), were considered 
multiresistant, and among them, only one did not show a 
phenotype profile of resistance to oxacillin (Table 3). 

Fig. 1 demonstrates the similarity relationships between 
strains of CoPS in 5 distinct clusters; Fig. 2 shows such similarity 
between CoNS strains in 8 different clusters. 

DISCUSSION 

Human carriers (students, nursing aids, physicians, and 
patients) showed an isolation frequency of coagulase-positive 
staphylococci (40,0%; 19,2%; 25,0% e 25,4%, respectively), 
higher than those isolated from bed tops (4,1%); this suggests 
that in the hospital, human colonization is more common than 
bed colonization, and it seems possible that horizontal 
transmission between human beings could be the easier one. 
This is important data, since MRSA has already been isolated 
from hospital beds (7,9). Nevertheless, the isolation frequency 
of CoNS from different sources was very similar, showing that 
perhaps these strains have become adapted to both colonization 
in humans carriers, as well as in beds. 

The similarity phylogram built for CoPS strains, demonstrated 
the presence of five distinct clusters (A, B, C, D, E). Cluster A 
was constituted by only one CoPS strain originated from one 
patient, and presented the biggest genetic distance among all. 
Clusters B and C were constituted by samples from beds, 
patients, nursing assistants and the only sample of CoPS 
originated from physicians. These clusters presented high origin 



Table 1. Source, number of samples and results of coagulase 
production of staphylococci strains isolated from 143 samples 
of humans and beds at a Medical Teaching Hospital in Ribeirao 
Preto-SP. 

N°. of Coagulase 
Source samples production 

+ - 





N°. 


% 


N°. 


% 


Top of beds 49 


2 


4.1 


21 


42.9 


Student hands 5 


2 


40.0 


2 


40.0 


Nurse hands 26 


5 


19.2 


10 


38.5 


Doctors hands 4 


1 


25.0 


2 


50.0 


Patients hands 59 


15 


25.4 


32 


54.2 


TOTAL 143 


25 


17.5 


67 


46.9 


Table 2. Profile of resistance of staphylococci strains isolated 


from 143 samples of humans and beds at a Medical Teaching 


Hospital in Ribeirao Preto-SP. 












Resistant 


Coag 


ulase 


Antimicrobials 


isolates 








N°. 


(%) 


+ (N°.) 


-(N°.) 


Oxacillin 


39 


42.4 


11 


28 


Cephazolin 


36 


39.1 


10 


26 


Ciprofloxacin 


27 


29.4 


7 


20 


Clavulonic ac. + amoxicillin 


14 


15.2 


5 


9 


Vancomycin 


2 


2.2 




2 


Azyfhromycin 


33 


35.9 


10 


23 


Clindamycin 


39 


42.4 


6 


33 


Amoxicillin 


77 


83.7 


15 


62 


Enrofloxacin 


32 


34.8 


15 


17 


Ampicillin 


52 


56.5 


18 


34 



heterogeneity; however, it is interesting to note in cluster B, 
that three patient samples presented a 100% similarity, indicating 
that there may have occurred horizontal transmission of the 
same strain between these patients. Cluster D also presented 
heterogeneity, but the presence of samples originating from 
patients was more accentuated. Cluster E was the only one 
presenting student samples (with an 80% similarity), showing 
that perhaps CoPS strains colonizing students is more specific. 

Due to the genetic distance observed in the majority of 
strains (only six presented similarity indexes above 70% in 
relation to others), it is probable that the CoPS in this study had 
diverse origins; this contrasts with a study of MRSA made in 
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Table 3. Pattern, number of strains and phenotypic antimicrobial resistance among multiresistant Staphylococcus sp strains 
isolated from humans and tops of hospital beds. 



Pattern 


N°. ofstrains 




Antimicrobials 


7 antimicrobial resistance 


6 


1 


oxa-cip-azi-cli-amo-em-amp 






1 


oxa-cip-azi-cli-amo-em-amp 






1 


oxa-cfz-azi-cli-amo-em-amp 






1 


cfz-cip-azi-cli-amo-em-amp 






2 


oxa-cfz-cip-azi-cli-amo-em 


8 antimicrobial resistance 


1 


1 


oxa-cfz-cip-azi-cli-amo-em-van 


9 antimicrobial resistance 


4 


4 


oxa-cfz-cip-acm-azi-cli-amo-em-amp 



*oxa-oxacillin, cfz-cephazolin, cip-ciprofloxacin, amc-amoxicillin+clavulonic acid, van-vancomycin, azi-azythromycin, cli-clindamycin, amo- 
amoxicillin, em-enrofloxacin, amp-ampicillin. 




Figure 1. Phylogenetic tree among 25 CoPS strains, constructed 
by Free Tree "software" and Distance Coefficient (DICE), 
showing relationships, by the UPGMA method. 



Campinas, Brazil (2), reporting that an epidemic strain stayed 
constant along time. 

It is of interest to note that in cluster A (Fig. 2), two strains 
(1 16C and 99P), presented 100% similarity, showing that CoNS 
transmission between bed top and a patient occurred (although 
it is not possible to determine its direction). The other clusters, 
excepting cluster G, presented a large diversity of their origins, 
That may have been due to constant cross transmission of 
CoNS strains; another reason that could have generated such 
high diversity, would be that the CoNS groups are constituted 
by more than one species, and the differences between them 
could have produced profiles of differing similarity. 
Complementing studies will be required to determine pathogenic 
factors in these CoNS, in order to evidence a possible risk, 



since in a study performed in the city of Caxias do Sul, Brazil, 
such factors were found in Staphylococcus epidermidis (23). 

Nosocomial infections caused by Staphylococcus sp are 
frequently life threatening and of difficult treatment (27); those 
caused by multiple Staphylococcus resistance to antibiotics 
are growing problems in many health institutions (14,23), 
becoming capable of interfering with disease treatments, and of 
potentially affecting curable clinical pictures by restricting the 
number of available antibiotics. In the present study, the 
percentage of multiresistant strains (12%) was much lower than 
the percentage of Staphylococcus sp (74%) in samples from 
Caxias do Sul (23); however, there isolates were obtained from 
clinical specimens (blood, catheters) on which selective pressure 
from antimicrobials could have been much higher. 

In our work, isolation frequency of Staphylococcus sp 
resistant to oxacillin (42%), was lower than that found in another 
study developed (22), in a hospital in the city of Uberlandia, 
Brazil (78%). Nevertheless, although lower, such level can also 
cause worry, since oxacillin-resistant microorganisms are 
considered to be resistant to all (3-lactamic antimicrobials (6,24). 
The upsurge of Staphylococcus resistant to vancomycin, 
demonstrating a homogeneous pattern of resistance, may signify 
a more threatening problem, even though strains with such 
phenotype profiles are relatively rare (1 1,20). 

CoNS are considered the main agents implicated in infections 
associated with the use of intravenous catheters (4). In the 
present study, eight CoNS strains were resistant to vancomycin 
by the disc diffusion test; among them, only two demonstrated 
resistance in the MIC test, showing the low sensitivity of 
vancomycin in the diffusion test. These two strains, resistant 
to vancomycin presented multiple resistance to various 
antimicrobials, including oxacillin. These data agree with other 
reports showing strains simultaneously resistant to vancomycin 
and various other antimicrobials (33,34). In the State of Rio de 
Janeiro and in the cities of S. Paulo and Porto Alegre, S. aureus 
strains resistant to glycopeptides, with intermediary resistance 
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Figure 2. Phylogenetic tree among 67 CoNS strains, constructed 
by Free Tree "software" and Distance Coefficient (DICE), 
showing relationships, by the UPGMA method. 



consequently decreasing the frequency and lethality of 
nosocomial infections. 

RESUMO 

Similaridade genetica entre estafilococos isolados de 
humanos e camas hospitalares e resistencia a 
diferentes antimicrobianos 

Foram coletadas 143 amostras de maos de humanos e camas 
hospitalares, atraves de "swabs" no caldo BHI, em um hospital 
escola da cidade de Ribeirao Preto/SP. As amostras coletadas 
foram incubadas a 37°C por 24 horas e apos este periodo as 
culturas foram semeadas em placas de Petri contendo agar 
"Staphylococcus Medium 110". As colonias tfpicas do genero 
Staphylococcus foram colhidas e estocados a 4°C ate o momento 
de elaboracao das provas de catalase, manitol, hemolise, DNAse 
e coagulase. As cepas isoladas foram analisadas atraves da 
tecnica de RAPD-PCR para verificar o grau de similaridade. A 
sensibilidade das cepas isoladas foi testada frente a 10 diferentes 
antibioticos. Das 92 cepas de Staphylococcus sp isoladas, 67 
(72,8%) foram identificados como Staphylococcus coagulase- 
negativas e 25 (27,2%) como Staphylococcus coagulase- 
positivas. A analise de similaridade mostrou uma grande 
heterogeneidade entre as cepas, entretanto foram isoladas 
algumas cepas com 100% de similaridade. Resistencia a oxacilina 
foi encontrada em 39 (42%) cepas. Duas cepas de estafilococos 
coagulase-negativos mostraram-se resistentes a vancomicina. 
Onze cepas (12%) de estafilococos foram consideradas 
multirresistentes. Medidas de desinfecijao das maos de pessoal 
e dos leitos hospitalares e a racionalizagao do uso indiscriminado 
de antibioticos podem contribuir para a queda da transmissao 
de patogenos e diminuicao da pressao de selecao, e 
conseqiientemente diminuindo a freqiiencia e letalidade das 
infec5oes nosocomiais. 



to vancomycin have been reported, and also in the city of S. 
Paulo, Staphylococcus coagulase- negative strains resistant to 
vancomycin have been found (19,29,30). 

Resistance to oxaciliin/meticillin or to vancomycin is an 
inevitable sequence to the selective pressure exerted by 
antibiotics. Although the details of the epidemiologic resistance 
to these drugs in Staphylococcus may change, the primordial 
forces that direct the phenomenon are similar. Concerning S. 
aureus, the question rather is, not when resistance is going to 
occur, but how prevalent it will become (28). The present study 
evidenced that there may have occurred horizontal transmission 
of CoPS between patient/patient and of CoNS between bed/ 
bed, patient/patient and bed/patient. Measures of staff hands 
disinfection and of rationalization of hospital beds and against 
indiscriminate use of antibiotics can contribute to the lowering 
of pathogen transmission and of selection pressure, 



Palavras-chaves: Similaridade, RAPD-PCR, multirresistencia, 
Staphylococcus. 
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